INTRODUCTION
In 1985, Russian life expectancy at birth increased by 2 years within a single calendar year, largely because of a reduction in deaths from cardiovascular disease. This coincided with a major, and initially highly successful, campaign initiated by the newly appointed communist party general secretary, Michael Gorbachev, to reduce consumption of alcohol. Detailed examination of these events, and the subsequent fall in Russian life expectancy, provides considerable evidence that, in Russia, alcohol consumption is closely associated with deaths from heart disease. Specifically, there is a close association in the age, genderl and regional2 pattern of cardiovascular and directly alcohol related deaths.
These findings appear at odds with the prevailing view in the west that alcohol, at least when consumed in moderate amounts, is cardioprotective. This is exemplified by the statement in the recent WHO/World Bank report on the global burden of disease that 'alcohol is cardio-protective at all levels of consumption'3. In particular, it appears incompatible with the low death rate from cardiovascular disease in France, where official alcohol consumption figures are similar to those in Russia4. This apparent contradiction has contributed to the difficulty of developing an effective policy response in Russia, with many Russian authorities and some western commentators attributing much of the apparently alcohol related mortality in Russia to the quality of the product rather than to how much and in what ways it is consumed5.
There are, however, important cultural differences in drinking patterns. In countries such as France, alcohol is typically consumed as wine with meals, whereas in Russia it is much more likely to be drunk as spirits, in binges6 (defined as periods of abstinence interrupted by sessions at which large volumes are drunk).
How relevant to Russia is research undertaken in countries with different drinking cultures? Much of the work on cardiovascular effects of alcohol has concentrated on amount drunk and not drinking pattern. When exposure is defined simply according to the amount drunk in a defined period, typically a week, a cardioprotective effect of moderate drinking is consistently found7-9 with one important exception: a cohort study that included both American and Russian men and women showed a protective effect in Americans but not in Russiansl0. The authors were at a loss to explain this observation. In studies that have defined exposure in terms of its pattern or context, such as 'problem drinking'11-13, frequency of hangovers14, or amount drunk at one time15, have equally consistently revealed an increased risk of cardiac death, especially sudden cardiac death. This work has, however, received much less attention.
A recent observation indicates the importance of resolving this apparent paradox. In Moscow, there is a significant increase in sudden cardiac death at weekends, most obvious among young and early middle-aged men16. This is strikingly similar to the pattern of deaths from alcohol poisoning and from accidents and violence. Although there may be some misclassification, especially as such deaths, by their nature, take place unobserved, there is evidence from necropsies that a substantial proportion are associated with specific histological changes of alcoholic damage to the myocardium17.
These findings raise the question of whether differences in the pattern of drinking have different physiological consequences and, specifically, whether a drinking culture characterized by binges can explain the observed pattern of cardiovascular deaths in eastern Europe. This paper addresses this question.
POSSIBLE MECHANISMS
If binge drinking is a cause of cardiovascular deaths there are potentially four main mechanisms. The first is an effect on lipids that, instead of reducing the risk of coronary artery disease, increases it. The second is an effect on clotting, which might increase the risk of thrombosis. The third is an effect on the myocardium or its conducting system, leading to a greater risk of arrhythmias. The fourth is an effect on blood pressure, causing either an acute increase or sustained hypertension. These have been examined by means of a systematic review of published work. MEDLINE was searched for the years 1966-1997 and EMBASE for the years 1980-1997 by use (in various combinations) of the thesaurus terms alcohol abuse, cardiovascular disease, sudden cardiac death, lipoproteins, cardiac arrhythmia, platelet aggregation, fibrinolysis, hypertension (each with all subheadings) and the words 'binge' and 'binging'. In addition, references cited in papers identified were obtained.
Lipids
Regular, moderate alcohol consumption is believed to exert its cardioprotective effect partly by favourably increasing the anti-atherogenic high density lipoproteins (HDL)18,19. A causal association is supported by evidence that, after 21 days' abstinence, the pattern reverts to that in non-drinkers20. This is not, however, the only factor, since the changes in HDL can account for only about half the observed protective effect21. There is also evidence that chronic alcohol consumption suppresses levels of the atherogenic lipoprotein(a), which has been shown to rise substantially when alcoholics stop drinking22. In contrast, binge drinkers do not have high HDL levels23 but instead have high concentrations of the atherogenic low-density lipoproteins (LDL)24. In this context, a key finding comes from a study of 526 patients undergoing coronary arteriography: at each level of alcohol consumption, those drinking variable amounts of alcohol had more coronary occlusion than those drinking regularly23. Interpretation of these findings has, however, been complicated by uncertainty about recall of drinking levels in this population and the difficulty of separating out the effects of malnutrition and liver dysfunction.
The difficulties of conducting research in man led to a search for an appropriate animal model. Hojnacki et al. have shown that the squirrel monkey offers such an opportunity. In a study of alcohol naive monkeys that had been established on a liquid primate diet, they examined whether the effect on lipoprotein levels differed when the same total amount of alcohol was consumed regularly or when it was taken in binges25. After establishing that the monkeys were homogeneous in terms of body weight, liver function, and lipoprotein levels, they assigned them at random to controls, regular drinking, and binge drinking. The controls were maintained on a balanced liquid diet. Regular drinkers received an identical diet except that alcohol was substituted for 12% of the carbohydrate-derived calories. Binge drinkers received the same amount of alcohol administered as 6% of calories for a four-day period followed by 20% of calories for three days. After six months, compared with controls, regular drinkers had raised HDL levels with further cardioprotective changes in subfractions (increased HDL2/HDL3 ratio), although LDL levels were similar in regular drinkers and controls. Despite consuming the same overall quantity of alcohol, binge drinkers had a strikingly different profile. HDL levels did not show the cardioprotective pattern seen in regular drinkers and did not differ significantly from controls. Binge drinking was, however associated with significant increases in both LDL and apolipoprotein B, both normally associated with atheroma. The study also examined rates of cholesterol metabolism and, specifically, lecithin:cholesterol acyltransferase (LCAT). LCAT activity was increased in regular drinkers but depressed in binge drinkers to a level seen previously in monkeys receiving 24% of total calories from alcohol.
This study was conducted in circumstances that were more tightly controlled than is possible with human beings, and the results are consistent with the limited evidence from man. Taskinen et al. found no alteration in HDL profile in men given 5.5 g/kg bodyweight of ethanol over a 2.5 day period26 and Pikaar found no changes in HDL profile in non-alcoholic men drinking in weekend binges over a five-week period27. One study has revealed higher levels of HDL in those drinking intermittently than in nondrinkers but the consumption of the intermittent drinkers was not high (111 g/week)28. In addition, binge drinking by healthy men can lead to a sustained increase in LDL triglyceride levels in under three days26.
In summary, evidence in man, both real-life and experimental, and in animals, indicates that while regular drinking produces a cardioprotective lipid profile, the same amount of alcohol consumed in binges produces a profile associated with an increased risk of heart disease.
Clotting
The role of the clotting system has come under scrutiny because of both the greater risk of sudden cardiac death in heavy drinkers, which could be due to myocardial infarction caused by thrombosis, and the greater risk of haemor-rhagic29 and ischaemic30 stroke. In-vitro3l and in-vivo32 investigations have shown that alcohol inhibits platelet responses to a range of physiological factors and several epidemiological studies have reported reduced platelet aggregation in drinkers33'34. While platelet counts are often low in alcoholics, a study in patients with ischaemic stroke has produced contradictory results, with heavy drinkers more likely than other patients to show both thrombocytosis and thrombocytopenia35.
There is considerable evidence that moderate regular drinking with meals produces effects that are cardioprotective. In a study of the effect of alcohol on fibrinolytic activity, eight men were given 40 g alcohol with their evening meal on four of eleven study days, with mineral water on the remaining days36. The timing was kept constant to allow for the known circadian rhythm in clotting activity. Compared with days when mineral water was taken, alcohol was associated with a rise in tissue-type plasminogen activator antigen and plasminogen activator inhibitor activity. By the morning, the antigen remained raised but the inhibitor had fallen back to normal. This pattern is consistent with a cardioprotective effect which would be most marked in the mornings, when heart attacks are especially common. These findings are, however, of limited generalizability for two reasons. First, the level of consumption was low. Second, since plasminogen activator is produced by the endothelium, the same response may not be seen in patients with extensive atheroma.
The response by the clotting system to alcohol does not seem to be affected by the pattem of drinking, at least in wine drinkers. By use of a latin square design, subjects were allocated over four five-week periods to abstinence, two 'binge' pattern (none on Monday to Thursday, four glasses on Friday and five each on Saturday and Sunday)27. Platelet aggregation was significantly less after alcohol drinking, four glasses being associated with significantly slower aggregation than abstinence or two glasses. Platelet aggregation, plasminogen, and tissue-type plasminogen activator were not significantly different in binge drinkers and those drinking two glasses per day. There are, however, two reasons why this study may be misleading. First, the samples were analysed during a time when subjects had recently been drinking but adverse changes in the clotting profile may only appear on withdrawal. In a study of alcoholics admitted for detoxification37, subjects had thromboxane levels that were comparable with those of healthy controls who had not drunk alcohol recently. When alcohol was withdrawn they showed a significant increase in production of thromboxane and in platelet aggregation response to ADP, and a shortening in bleeding time. This would be consistent with the notion that cessation, or possibly reduction, of drinking after a binge leads to a rebound increase in propensity to clot. Second, any rebound increase in propensity to clotting could be influenced by the beverage consumed.
In summary, although the evidence is still incomplete, it is consistent with a reduction of thrombosis risk by moderate regular alcohol consumption and an increase by binge drinking or withdrawal after heavy drinking. In addition, regular moderate consumption of red wine may offer some protection from a rebound increase in risk of thrombosis.
Arrhythmias
Reports from several countries of an association between alcohol consumption and sudden cardiac death (the 'holiday heart' syndrome) have led to a series of studies to elucidate the mechanisms. Greenspon and Schaal showed that, in patients with a history of palpitations or light-headedness and moderate or heavy alcohol use, administration of alcohol to achieve blood levels of 0.3-1 g/L was associated with delay in His-ventricular conduction and a range of atrial and ventricular tachyarrhythmias38. Studies of acute administration of alcohol in subjects without a history of chronic alcohol use have, however, not shown any delay in conduction39.
These findings suggest that a combination of chronic and acute alcohol ingestion may be necessary to induce arrhythmias but raises questions about what mechanisms are involved.
The susceptibility of the myocardium to circulating /3agonists has been examined in a study in which dogs were fed for a year on a diet that had 36% of calories as alcohol40. ventricular fibrillation was significantly lower and, unlike in controls, was lowered further by acute administration of alcohol sufficient to produce blood concentrations of 2.13 g/L. Subsequent administration of adrenaline did reduce the threshold in controls but not in alcohol-treated dogs. A possible explanation is that when circulating levels of alcohol are high there is already substantial occupation of f-receptors, limiting the scope for any further effect. If this occupation is reversed by alcohol withdrawal, superimposed on the lowered ventricular fibrillation threshold due to chronic alcohol consumption, it could lead to an enhanced response to catecholamines.
The effects of withdrawal have been examined in a study comparing the responses to isoproterenol, a potent ,Bagonist, in rats susceptible to isoproterenol-induced ventricular fibrillation. After seven weeks' ingestion of alcohol, half of the rats had alcohol withdrawn the evening before isoproterenol while the others continued to take alcohol. There was also a control group that had not been exposed to alcohol. Arrhythmias were significantly more frequent in the withdrawal group (92% versus 36% in the group that continued to drink) as were the percentage that were fatal (54% versus 9%).
These studies offer a mechanism to explain the observation that, in chronic alcoholics, acute alcohol ingestion4l and withdrawal are both associated with arrhythmias.
The preceding studies have focused on the cardiac response to circulating catecholamines during alcohol consumption but have not addressed the question of whether alcohol causes permanent damage to the heart. Alcoholic cardiomyopathy is a well recognized condition but studies in man have been complicated by the presence of nutritional and electrolyte disturbances, raising the possibility that it may be due to coexistent micronutrient deficiencies. This interpretation is contradicted by a study of long-term oral administration of alcohol in dogs, showing that damage to the ventricular conduction system and myocardium occurred in the absence of nutritional and electrolyte disturbances42. This effect could, however, be mediated by acetaldehyde43, the major metabolite of alcohol, the level of which is influenced by various factors. This hypothesis has been examined by direct infusion of alcohol into the left circumflex arteries of dogs to achieve coronary sinus concentrations of 0.442 g/L44. Electrophysiological studies were performed 48 hours after cessation of the infusion. 5 of 22 dogs showed evidence of irreversible myocardial injury within the distribution of the left circumflex artery. Provocative ventricular pacing produced arrhythmias in 14 dogs, typically ventricular tachycardia of greater than 240 beats/minute. The arrhythmias had characteristics of re-entry phenomena. lesions to areas of fibrous scarring although some changes, albeit much fewer, were also present in controls that had had intra-coronary saline infusions. The lesions were similar to those previously recorded in human beings with a history of heavy drinking and sudden death17.
In summary, chronic alcohol consumption, even in the absence of nutritional deficiency, seems capable of predisposing the heart to arrhythmias induced by acute alcohol ingestion, both by reducing the threshold for ventricular fibrillation and by causing scarring of the myocardium. In addition, the myocardium may be especially sensitive to catecholamines during withdrawal, as will occur with weekend binges.
Hypertension
Alcohol has an acute pressor effect45 but also appears to be an important cause of chronic hypertension, with one study suggesting that it can account for 10% of cases of hypertension in middle-aged British men46. The INTER-SALT study, which obtained data on the relationship between blood pressure and alcohol consumption in 48 locations world-wide, revealed a significant association between heavy drinking and hypertension47 but the authors noted that the pattern of drinking as well as the quantity seemed important, the greatest difference being between teetotallers and drinkers whose consumption varied, although they did not look specifically at binge drinking. One study has done so, in Finland, where heavy weekend drinkers were found to have significantly higher systolic but not diastolic blood pressures than teetotallers but both systolic and diastolic pressures were higher in heavy daily drinkers48. The authors concluded that if weekend binge drinking had any effect on diastolic pressure it was rapidly reversible, although it did appear to have a sustained effect on systolic pressure.
CONCLUSION
On its own, the evidence presented here cannot prove that the pattern of drinking is responsible for the apparent link between alcohol consumption and heart disease. This will require long-term cohort studies that include data on both amount consumed and pattern of drinking. Unfortunately, most studies in progress include only the former. The scale of the problem of premature death in Russia is such, however, that action is needed now. As noted earlier, a major objection to addressing the issue of alcohol has been that research in the west has consistently shown a cardioprotective effect so there is no basis for attributing to it the changing rates of cardiovascular death seen in Russia.
The importance of the research reviewed here is that it shows that we cannot safely extrapolate data from western Histology showed a range of changes from necrotizing 405 countries characterized predominantly by moderate regular drinking to a culture such as that in Russia where there is widespread binge drinking. As noted above, the Russian phenomenon is not unique. One reason for the dearth of research on problem and binge drinkers is that their identification and follow-up is exceptionally difficult. This also poses a difficulty for those undertaking research on patients -with myocardial infarctions if they are recruited from hospitals, since such individuals are more likely to die suddenly. Hence, such research should differentiate sudden cardiac death from non-fatal myocardial infarction. This was done in a study undertaken in England in the 1970s, which found that individuals who died suddenly drank more, and were more likely to have taken alcohol in the preceding three hours, than matched patients with non-fatal myocardial infarctions49. Interestingly, as in Moscow, there was a weekend peak in sudden cardiac deaths. The research on lipids shows that binge drinking does not produce the increase in HDL seen with moderate consumption and also has an adverse effect on LDL. This could explain the apparent absence of cardioprotective effect in Russians10 but, as the relevant study did not measure pattern of drinking, this must remain speculative. While regular moderate alcohol consumption reduces the risk of thrombosis, withdrawal or the period after a binge is marked by an increased risk of thrombosis. Other components of wine may offer some protection from this rebound but protection is not seen with spirits. Chronic alcohol consumption has also been shown to damage the heart and, specifically, the ventricular conduction system. Furthermore, circulating alcohol has a direct effect on the threshold for ventricular fibrillation and during withdrawal the myocardium is rendered more sensitive to catecholamines. This is at a time when platelet aggregation is increased and thus the risk of ischaemia, which will trigger release of catecholamines, will be greatest. Any effects mediated through changes in blood pressure seem limited, although the acute pressor effect could contribute to the observed increase in cerebrovascular disease in heavy drinkers50.
This review has indicated that the known effects of binge drinking are different from those seen with regular, moderate drinking and, specifically, are consistent with the apparent association between alcohol consumption and cardiovascular disease and, especially, sudden cardiac death seen in eastern Europe. It has, however, wider implications. For many years Ledermann's theory on the distribution of drinking within a population was widely accepted. In brief, this stated that, within a population, knowledge of the mean level of alcohol consumption was sufficient to describe the distribution of those drinking at different levels51. This is now known to be incorrect52 so those seeking to assess the harm arising from alcohol in a particular society must determine the actual distribution of levels of drinking. The evidence reviewed here emphasizes the additional importance of determining the pattern of drinking. A recent study of the epidemiology of cirrhosis, which showed the importance of episodic drinking other than with meals, also indicates that the pattern of drinking may be important for other aspects of alcohol-related damage to health53.
These observations have important implications for policy makers, especially those seeking to promote 'sensible drinking'. It is essential that they present clearly the message that, while regular moderate drinking may be good for your heart, the same amount drunk irregularly, in binges, may have the opposite effect. Any public campaign also needs to recognize that binge drinkers are often on the margins of society54, and that in some settings they include a rising proportion of women55.
